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SUMMARY 27 
Ultrasonography enables the examiner to detect very small amounts of fluid in the peritoneal 28 
cavity and to determine its location, amount, and sonographic features. The pathologic 29 
process responsible for the ascites, for example ileus, hepatic fibrosis, thrombosis of the 30 
caudal vena cava, or traumatic reticuloperitonitis,  often can be identified. Abdominocentesis 31 
and analysis of the aspirated fluid allow differentiation of inflammatory and non-32 
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inflammatory ascites as well as the diagnosis of uroperitoneum, hemoperitoneum, chylous 33 
ascites, and bile peritonitis. 34 
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Introduction 39 
Ascites is excessive accumulation of fluid in the peritoneal cavity. Based on clinical 40 
examination alone, this condition can be difficult to diagnose because signs of abdominal 41 
fluid accumulation may be subtle and detected only after careful examination. Furthermore, 42 
the identification of the cause of ascites can be demanding and undoubtedly is facilitated by 43 
an in-depth knowledge of physiology and internal medicine. Abdominocentesis and 44 
examination of the aspirated fluid are mandatory steps in the examination of an animal with 45 
ascites. Ultrasonography allows the assessment of the extent and nature of the fluid 46 
accumulation and also identifies other pathological changes including dilation of the cranial 47 
vena cava, severe liver lesions, bladder rupture, or fibrinous deposits on abdominal organs 48 
that might point to the cause of the ascites. Ultrasonography includes evaluation of the fluid 49 
as well as the various organ systems and therefore special knowledge of the ultrasonographic 50 
features of these organs is an invaluable asset. 51 
 52 
Diagnostic procedure in suspected cases of ascites 53 
The diagnostic procedure for ascites includes clinical examination, urinalysis, hematological 54 
and biochemical analysis of the blood, abdominal ultrasonography, and abdominocentesis. 55 
This article focuses on the ultrasonographic examination of the abdomen. 56 
 57 
Clinical examination 58 
Clinical examination does not reveal ascites unless the abdominal fluid accumulation is 59 
pronounced, at which time pear-shaped enlargement of the abdomen, a strikingly flaccid 60 
abdominal wall, and sloshing of fluid upon abdominal succussion are evident. The differential 61 
diagnosis includes conditions accompanied by fluid accumulation in the gastrointestinal tract 62 
or in the pregnant uterus. Whether the fluid is intraruminal, in the intestines, uterus or the 63 
peritoneal cavity is determined during transrectal examination. Ascites accompanied by a 64 
tense abdomen, an arched back, and positive foreign body tests is suggestive of peritonitis 65 
with intraperitoneal exudate. 66 
 67 
Blood examination 68 
This comprises hematological and biochemical analyses including the measurement of the 69 
packed cell hematocrit volume and white blood cell count and the concentration of serum 70 
total solids, fibrinogen, electrolytes, urea, creatinine and bilirubin, and the activities of liver 71 
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enzymes. The serum albumin concentration should always be determined in cattle with non-72 
inflammatory ascites. 73 
 74 
Ultrasonographic examination 75 
Ultrasonography is a very sensitive, rapid, and accurate technique for the detection of 76 
peritoneal fluid.1 Even very small amounts of fluid are readily visualized and the localization, 77 
extent, and nature of the peritoneal fluid can be assessed. In addition, it is often possible to 78 
identify the cause of the ascites. 79 
 80 
Abdominocentesis 81 
Abdominocentesis and examination of the aspirated fluid are required for the characterization 82 
of the ascites fluid, to differentiate non-inflammatory and inflammatory ascites, and to 83 
distinguish between uroperitoneum, hemoperitoneum, chylous ascites, and bile peritonitis. 84 
 85 
Techniques of abdominal ultrasonography and abdominocentesis 86 
Ultrasonography technique in suspected cases of ascites 87 
Ultrasonographic examination is carried out on both sides of the abdomen and transrectally in 88 
the standing non-sedated animal.2 The hair is clipped on both sides and the skin cleaned with 89 
alcohol before applying conductive gel. Linear or convex transducers with a frequency of 3.5 90 
to 5 MHz are ideal but abnormalities close to the abdominal wall also can be assessed with a 91 
7.5-MHz transducer. The abdomen is examined on both sides from caudal to cranial. The 92 
transducer is placed at the paralumbar fossa and then moved ventrally to the midline. The 93 
intercostal spaces 12 to 7 are also examined with the transducer held parallel to the ribs. The 94 
urinary bladder and uterus are examined transrectally with the transducer directed ventrally, 95 
and the caudal part of the left kidney is examined with the transducer directed dorsally. The 96 
abdominal organs normally occupy the entire abdominal cavity and are separated from each 97 
other and the peritoneum by capillary spaces, which contain very small amounts of serous 98 
fluid to lubricate the surface of tissues. The capillary spaces are not normally visible 99 
sonographically but can be imaged when they enlarge as a result of fluid accumulation or 100 
other disease processes. Likewise, the omentum and mesentery are difficult to visualize 101 
sonographically in healthy ruminants but are easily seen when outlined by fluid. The high fat 102 
content of these structures increases sound reflection. The organ contours usually are smooth 103 
and echoic deposits with or without fluid inclusions are considered abnormal. The fluid 104 
between organs is assessed for amount and echogenicity; the latter can range from anechoic to 105 
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echoic and may appear homogeneous or heterogeneous. With inflammatory ascites, echoic 106 
sediment may be seen at the lowest point accompanied by a hypoechoic or even anechoic 107 
supernatant. Gaseous inclusions generated by gas-producing bacteria may be seen as echoic 108 
stippling. Strands of fibrin often can be seen running in a spider web-like fashion between 109 
organs or between an organ and the parietal peritoneum. Normal ultrasonographic findings 110 
have been published for the reticulum,3 rumen,4 omasum,5 abomasum,6 small intestines,7 111 
colon,8 liver,9 spleen,10 and urinary tract.11–12 112 
 113 
Technique for abdominocentesis in suspected cases of ascites 114 
Abdominocentesis is ideally conducted under ultrasound guidance at a site where 115 
ultrasonographic changes are seen.2 The site is clipped and the skin cleaned with alcohol and 116 
disinfected. After administering local anesthesia, a 20 gauge x 3.5 in spinal needle with stylet 117 
(0.90 x 90 mm, Terumo®Spinal needle, Terumo Medical Corporation, USA) is inserted into 118 
the peritoneal cavity. Depending on the viscosity of the fluid, a larger-bore needle (18 gauge x 119 
3.5 in, 1.20 x 90 mm) may be used. When the fluid appears heterogeneous, the collected 120 
sample should include parts of the echoic sediment to increase the likelihood of obtaining 121 
inflammatory or tumor cells and bacteria. The amount, color, transparency, odor, and 122 
consistency of the collected fluid are assessed and the presence of cellular or other material is 123 
noted (Table 1). A refractometer is used to measure specific gravity and total solids, and the 124 
California mastitis test is used to estimate the cell count. Cytologic and bacteriologic 125 
examinations are undertaken when the California mastitis test is positive. The urea and 126 
creatinine concentrations are measured when uroperitoneum is suspected. 127 
When assessing aspirated peritoneal fluid,13–16 it should be remembered that the classic 128 
differentiation of abdominal transudate and exudate does not always apply in sick cattle. A 129 
typical exudate is defined as cloudy, watery to viscous, foul-smelling fluid that may clot 130 
quickly after collection. An exudate often contains flecks of fibrin and pus. The specific 131 
gravity is greater than 1.015 and the protein content greater than 30 g/L. Smears made from 132 
exudates contain numerous leukocytes but the number of cells may be reduced because of 133 
cytolysis. The proportion of eosinophils and neutrophils is used as a criterion for the diagnosis 134 
of peritonitis;14 fewer than 10% eosinophils and greater than 40% neutrophils is highly 135 
suggestive of peritonitis. Sterile pus without bacteria may occur after antibiotic treatment of 136 
the animal, and the presence of bacteria in the absence of leukocytes may indicate 137 
contamination from accidental intestinal puncture. To improve the diagnostic usefulness of 138 
peritoneal fluid analysis, other variables including albumin, glucose, fibrinogen, L-lactate, d-139 
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dimers, and the activities of lactate dehydrogenase and creatine kinase were measured in 140 
serum and peritoneal fluid of 95 cows, and the peritoneal-to-serum ratios of these variables 141 
calculated.17 The glucose concentrations of blood and peritoneal fluid are usually similar but 142 
bacteria in the peritoneal cavity metabolize glucose and cause a decrease in the peritoneal 143 
glucose concentration. The glucose concentration is therefore considered a very sensitive and 144 
specific criterion for the diagnosis of septic peritonitis in cattle.18 L-lactate is a metabolite of 145 
anaerobic glycolysis and ischemic processes in gastrointestinal organs result in an increase in 146 
its concentration in peritoneal fluid and secondarily in blood.18 D-dimer is a fibrin degradation 147 
product and plays an important role in the diagnosis of coagulation and thrombotic diseases. 148 
Healthy cattle have a dD-dimer serum concentration of < 0.60 mg/L.17 Peritonitis in cattle is 149 
associated with massive synthesis of fibrin immediately accompanied by fibrinolysis, which 150 
generates dD-dimer. D-dimer is considered the best criterion for the diagnosis of peritonitis.17 151 
Analogous to other species, a sensitivity of 96 % and specificity of 98 % was calculated for 152 
D-dimer concentration in peritoneal fluid for the diagnosis of peritonitis in cattle.18 153 
 154 
Types of free peritoneal fluid 155 
There are many different types of peritoneal fluid (Table 2) including inflammatory, non-156 
inflammatory, chylous, urine-like, hemorrhagic, and bilious fluids. Small fluid accumulations 157 
may only be seen at the lowest point of the abdomen but large accumulations involve the 158 
entire peritoneal cavity and the space between organs increases because of the fluid 159 
surrounding them. Because of the superb acoustic properties of fluid, the ultrasonographic 160 
visibility of organs suspended in fluid is better than the normal in-situ appearance. 161 
 162 
Non-inflammatory ascites 163 
Non-inflammatory ascites is the abnormal accumulation of serous fluid in the peritoneal 164 
cavity.2 An increase in intravascular hydrostatic pressure and/or a decrease in intravascular 165 
colloid osmotic (oncotic) pressure are the principle causes of non-inflammatory ascites. It is 166 
most commonly caused by vascular congestion but can also be the result of hypoalbuminemia 167 
(decrease in oncotic pressure), retention of sodium accompanied by water retention in 168 
secondary aldosteronism, or peritoneal cancer such as mesothelioma.19–22 Often the cause of 169 
non-inflammatory ascites is multifactorial. 170 
 171 
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Clinical signs of non-inflammatory ascites 172 
A tentative diagnosis can be made in severe cases when symmetrical ventral abdominal 173 
enlargement causing a pear-shaped abdomen, a flaccid abdominal wall, and sloshing of fluid 174 
upon abdominal succussion are evident (Fig. 1). When the condition is missed or allowed to 175 
continue, the contour of the animal may progress to barrel-shaped (Fig. 2). Abdominal 176 
enlargement caused by ascites generally is more pronounced in calves and other young cattle 177 
than in mature cattle. However, even in cases with considerable intra-abdominal fluid 178 
accumulation, the pear-shaped abdominal appearance may be missed. Ultrasonography is the 179 
method of choice for diagnosis of ascites. 180 
 181 
Ultrasonographic findings of non-inflammatory ascites 182 
The typical ultrasonographic finding of non-inflammatory ascites is accumulation of anechoic 183 
fluid of varying extent in the peritoneal cavity. It may be limited to the ventral abdomen or the 184 
fluid level may extend dorsally or involve the entire peritoneal cavity. Large amounts of fluid 185 
surround the organs so that they are suspended in it. On the right side, intestines enclosed by 186 
the greater omentum are seen from the flank and intercostal spaces (Fig. 3). The surrounding 187 
fluid renders the greater omentum echoic and both walls of the omental bursa, each consisting 188 
of two serous layers, can often be seen (Fig. 4). The liver is displaced dorsally by the fluid 189 
and seen in the costal part of the abdomen. However, with mild or moderate ascites, only the 190 
ventral part of the liver including the gall bladder is surrounded by fluid (Fig. 5). With severe 191 
ascites, the liver is displaced from the abdominal wall creating an anechoic seam between the 192 
parietal peritoneum and the liver. Hepatic ligaments are often seen as fine echoic strands 193 
between the liver and the abdominal wall. On the left side, the rumen is displaced from the 194 
abdominal floor by anechoic fluid (Fig. 6). Likewise, the reticulum is displaced dorsally by 195 
fluid (Fig. 7). Owing to the acoustic properties of peritoneal fluid, the different layers of the 196 
reticular wall often are very distinct: the tunica serosa appears as a thin echoic line on the 197 
outside, the tunica muscularis as a thin hypoechoic line in the middle, and the tunica mucosa 198 
combined with the tela submucosa on the inside are distinct. In contrast to reticuloperitonitis, 199 
there are no signs of inflammation such as echoic fibrin deposits or abscesses. Furthermore, 200 
an anechoic seam of varying width is evident between the reticulum and spleen because the 201 
capillary space between these two organs is enlarged by the fluid. 202 
 203 
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Causes of non-inflammatory ascites 204 
The most common causes of non-inflammatory ascites attributable to vascular congestion 205 
include chronic right-sided cardiac insufficiency, mediastinal masses, chronic liver and 206 
kidney diseases, small intestinal ileus and enteropathies, tumors of the peritoneum, and caudal 207 
vena cava thrombosis or compression (Table 3). 208 
 209 
Right-sided cardiac insufficiency as the cause of ascites 210 
Ascites caused by right-sided cardiac insufficiency (traumatic pericarditis, valvular 211 
endocarditis, idiopathic cardiomyopathy, cardiac lymphosarcoma) is accompanied by 212 
abnormal auscultatory findings such as tachycardia, pericardial or endocardial heart sounds, 213 
or cardiac arrhythmia (summation gallop heart sound in cardiomyopathy).23 The jugular veins 214 
are distended and there is submandibular, presternal, and ventral edema. Pleural effusion, 215 
dilation of the caudal vena cava and a change in its cross-sectional appearance from triangular 216 
to oval or circular are consistent and specific ultrasonographic findings of right-sided cardiac 217 
insufficiency.2 The activities of liver enzymes are increased because of liver congestion. 218 
 219 
Mediastinal masses as the cause of ascites 220 
Compression of the caudal vena cava by a mediastinal mass such as an abscess or tumor also 221 
results in a change in its cross-sectional shape to oval or circular, which can be detected 222 
sonographically in the 11th and 12th intercostal spaces. Jugular distension is not a feature of 223 
this condition.2 224 
 225 
Liver disease as the cause of ascites 226 
Ascites is common in liver disease and occurs when hepatic perfusion is compromised by 227 
liver cirrhosis, fascioliasis, or a tumor or abscess causing intrahepatic congestion. 228 
Hypoalbuminemia from impaired albumin synthesis is responsible for a decrease in 229 
intravascular oncotic pressure in liver cirrhosis and fascioliasis.2 In addition, an increase in 230 
pressure in the venous part of the splanchnic circulation because of impaired liver perfusion 231 
causes transudation of fluid into the peritoneal space. In cattle, severe hypoalbuminemia is 232 
always accompanied clinically by edema. Prehepatic portal hypertension caused by portal 233 
vein thrombosis alone in the absence of liver disease is not associated with ascites, which 234 
underlines the crucial role of decreased oncotic pressure in the pathogenesis of ascites;24 the 235 
oncotic pressure remains unchanged because arterial perfusion compensates for lost venous 236 
perfusion. In addition to ascites, characteristic ultrasonographic features of portal 237 
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hypertension include focal changes with abscesses or tumors, calcification of bile ducts with 238 
fascioliasis, and dilation of the portal vein. Blood analysis shows hypoalbuminemia and 239 
increased activity of liver enzymes, and microscopic examination of bile collected under 240 
ultrasound guidance shows common liver fluke ova.25 Fascioliasis is commonly complicated 241 
by concurrent peritonitis and analysis of peritoneal fluid may show a modified transudate or 242 
even an exudate with an elevated eosinophil count. The principal ultrasonographic finding in 243 
cows with hepatic fibrosis attributable to Senecio alpinus poisoning was severe non-244 
inflammatory ascites.26 The liver parenchyma of all cows appeared heterogeneous and often 245 
had nodular changes, and all cows had portal hypertension caused by intrahepatic changes, 246 
dilation of the portal vein, and a decrease in the diameter of the caudal vena cava lumen 247 
because of reduced liver perfusion. Portal hypertension also resulted in edema of the gall 248 
bladder wall, small intestines, and greater omentum. Cows with hepatocellular carcinoma had 249 
severe focal or diffuse hepatic changes but no ascites.2 250 
 251 
Kidney disease as the cause of ascites 252 
Amyloid nephrosis is accompanied by massive protein loss in the urine resulting in 253 
hypoproteinemia, edema, and ascites.29 The kidneys are enlarged and affected cattle have 254 
diarrhea and weight loss. Ultrasonography confirms enlargement of the kidneys and shows 255 
diffuse parenchymal changes. The histological examination of a biopsy specimen confirms 256 
the diagnosis. 257 
 258 
Ileus as the cause of ascites 259 
Various forms of ileus of the small and large intestines can cause ascites through transudation 260 
as a result of vascular constriction. Ileus of the small intestine includes all conditions that are 261 
accompanied by displacement, twisting and constriction of the intestine including volvulus, 262 
compression, invagination, incarceration, and obstruction.30 Dilated, non-motile loops of 263 
small intestine that may or may not be separated from each other by fluid is a typical 264 
ultrasonographic finding of ileus (Fig. 8). Occasionally it is possible to visualize the cause of 265 
the ileus, for instance intestinal obstruction by blood coagula in hemorrhagic bowel syndrome 266 
(Fig. 9). Cecal torsion is the main disorder of the large intestine that causes transudation and 267 
peritoneal fluid accumulation (Fig. 10).31,32 Ileus and cecal dilation are readily diagnosed 268 
clinically and sonographically and differentiated from other forms of ascites.30–32 269 
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 270 
Tumors of the peritoneum, serous membranes, and omentum 271 
Tumors of the visceral and parietal peritoneum, and omentum are rare in cattle. They are 272 
mostly multiple, firm, nodular or pedunculated tumors or tumors with a broad attachment. 273 
Accompanying non-specific clinical signs include weight loss, poor appetite, and ascites.2 The 274 
tumors often can be palpated transrectally. These tumors include mesothelioma,19,21,32 275 
metastatic hepatic, gastrointestinal, urinary tract, or pulmonary carcinoma as well as 276 
lymphoma. The differential diagnosis of peritoneal changes palpated transrectally includes 277 
extrapulmonary tuberculosis of the serous membranes and the differential diagnosis of 278 
palpable mesenteric changes includes fat necrosis. Cows with mesothelioma have severe 279 
ascites.19-21,32 Ultrasonographically, the tumors appear as uneven nodular masses on the 280 
peritoneum and serosal surface of abdominal organs such as the rumen, omasum, or spleen 281 
(Fig. 11). The greater omentum, suspended in ascites fluid, may also be affected by nodular 282 
changes (Fig. 12). The aspirated peritoneal fluid is a modified transudate with a dark yellow 283 
to red color and may have a high erythrocyte count. The cytologic diagnosis of mesothelioma 284 
is often limited by the paucity of cells in the aspirated fluid. The final diagnosis is based on 285 
histologic, immunohistologic, or electron microscopic examination of the tumor. 286 
 287 
Obstruction and compression of the caudal vena cava as the cause of ascites 288 
Thrombosis and compression of the caudal vena cava by an abscess or tumor can lead to 289 
ascites. Although white thrombi of the caudal vena cava are relatively common, they are a 290 
rare cause of ascites because of the collateral circulation through the milk veins, azygos vein 291 
and spinal veins, which carry blood back to the heart when the caudal vena cava is obstructed. 292 
However, ascites occurs when the thrombus is located cranial to the liver and occupies at least 293 
half of the lumen of the vessel, 33,34 or when both milk veins are thrombosed after the infusion 294 
of irritating solutions and no longer contribute to the collateral circulation.2 Caudal vena cava 295 
thrombosis may cause ascites in young cattle2 and bulls because of the small diameter and 296 
capacity of the milk vein (Fig. 13). Obstruction or compression of the caudal vena cava leads 297 
to congestion of the vessel, which increases its diameter and changes its cross-sectional shape 298 
from triangular to oval or circular. This is best visualized in the liver region at the 11th and 299 
12th intercostal spaces on the right side (Fig. 14).35-38 As a result of liver congestion, the veins 300 
joining the congested vena cava, particularly the right hepatic vein, appear as prominent and 301 
markedly dilated vessels (Fig. 15),  the liver has an obtuse marginal angle, and the wall of the 302 
gall bladder is edematous (Fig. 16). The thrombus rarely can be visualized sonographically 303 
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(Fig. 17) because usually it is in a section of the vena cava superimposed by the lungs.38 304 
Likewise, thrombi in the tributaries of the vena cava are rarely visualized.46  305 
 306 
Inflammatory ascites (peritonitis) 307 
Inflammatory ascites is associated with peritonitis, which is defined as peritoneal 308 
inflammation resulting from trauma and/or bacterial infection.2 Peritonitis is often parasite-309 
related and in rare cases caused by medications. Peritonitis is characterized by peritoneal 310 
alteration and proliferation as well as exudation and can be focal or diffuse and acute or 311 
chronic. Bacteria commonly involved in the etiology of peritonitis include Trueperella 312 
pyogenes, streptococci, staphylococci, and Escherichia coli, which are introduced directly 313 
into the peritoneal cavity via perforating wounds or indirectly via the hematogenous or 314 
lymphatic route. A perforating reticular foreign body is the most common cause of peritonitis 315 
(Table 4). Perforating abomasal ulcer also is a common cause of peritonitis in postpartum 316 
dairy cows, whereas perforating injuries of the uterus, cervix, vagina, bladder, small and large 317 
intestines, or rectum associated with parturition, urolithiasis or transrectal examination are 318 
less common. Peritonitis may also occur after laparotomy41 or as a sequel to ulcerative colitis 319 
and proctitis.42 Migrating juvenile stages of Fasciola hepatica occasionally cause peritonitis, 320 
whereas rupture of an intraperitoneal abscess is a rare cause. A tentative diagnosis of 321 
peritonitis usually is straightforward after a perforating injury of the abdominal wall 322 
associated with ruminal trocarization,41 horn injury, or after laparotomy. 323 
 324 
Ultrasonographic findings of focal and generalized peritonitis 325 
The localization, extent and type of changes caused by peritonitis vary greatly depending on 326 
the severity and cause of peritonitis. Exudation may be absent in fibrinous peritonitis and the 327 
only lesions seen sonographically may be changes on the organ surface and/or peritoneum. 328 
These changes are typical of traumatic reticuloperitonitis and perforating abomasal ulcer, in 329 
which an uneven organ surface with echoic deposits (Fig. 18), often containing fluid 330 
inclusions (Fig. 19) and surrounded by fluid (Fig. 20), is seen instead of the normal smooth 331 
surface. The extent of the inflammatory exudation varies greatly and is usually limited to 332 
small effusions in the caudoventral region of the reticulum in cattle with hardware disease. In 333 
these cases, the reticulum, the dorsal blind sac of the rumen, and sometimes the cranial part of 334 
the ventral sac of the rumen are displaced dorsally by the effusion. Generalized peritonitis 335 
may be accompanied by massive fluid accumulation, which surrounds the organs and 336 
displaces them dorsally. Depending on the cell count and amount of fibrin, the fluid may 337 
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appear anechoic (Fig. 21), hypoechoic (Fig. 22), or echoic (Fig. 23). Fibrin septa that form 338 
fluid compartments (Fig. 24) and floating fibrin strands are often seen running in a spider 339 
web-like fashion between organs or between an organ and the parietal peritoneum. Often the 340 
fluid appears chambered in a sponge-like fashion by strands of fibrin (Fig. 25, 26). A layer of 341 
sediment composed of echoic cells and fibrin and an anechoic supernatant may be seen when 342 
there are many cells and a large amount of fibrin (Fig. 24), or abdominal organs may be 343 
coated with fibrinous deposits (Fig. 27) that contain gaseous inclusions of microbial origin 344 
(Fig. 28). When gastrointestinal contents escape into the peritoneal cavity, for instance after 345 
abomasal or intestinal rupture, echoic ingesta may be seen coating some of the organs. The 346 
intestinal walls often are thickened and echoic fibrin and inflammatory fluid are seen between 347 
loops of intestines in cattle with generalized peritonitis. Intestinal motility usually is severely 348 
reduced or absent because of adhesions, and diarrhea is common. However, based on 349 
ultrasonographic appearance alone, it is often not possible to differentiate a transudate, a 350 
modified transudate of non-inflammatory ascites, and an exudate, and the analysis of fluid 351 
collected by abdominocentesis is required for a diagnosis. 352 
 353 
Omental bursitis 354 
Omental bursitis is a special form of peritonitis characterized by the accumulation of watery, 355 
putrid, foul-smelling exudate in the omental bursa. Peritonitis is limited to the bursa and 356 
demarcated from the remaining abdominal cavity by a capsule of varying thickness. Reticular 357 
foreign bodies, ruminal perforation or ulcers, abomasal ulcers, and laparotomies are the most 358 
common causes.43 Ultrasonographically, purulent omental bursitis appears as fluid 359 
accumulation of varying but often considerable size between the abdominal wall and the 360 
ventral sac of the rumen (Fig. 29). Extreme cases involve the entire ruminal width and length, 361 
extending from the naval to the udder, and measure more than 10 cm vertically. The 362 
ultrasonographic appearance of the fluid and the fibrin deposits vary, and the echoic leaves of 363 
the bursa sometimes can be seen. A characteristic difference between omental bursitis and 364 
generalized peritonitis is that the former is restricted to the region ventral and lateral to the 365 
rumen on the left side, whereas the latter also involves the right side of the abdomen. 366 
Furthermore, the general demeanor and appetite are more severely affect in cattle with 367 
generalized peritonitis. 368 
 369 
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Uroperitoneum 370 
Uroperitoneum is accumulation of urine in the peritoneal cavity. A review of the causes, 371 
diagnosis, and treatment of uroperitoneum in cattle was recently published.44 Uroperitoneum 372 
can result from leakage of urine from the kidneys, ureters, urinary bladder, and urethra45 as 373 
well as from rupture of a persistent urachus.46,47 374 
The most common cause of bladder rupture is dystocia in cows23,48,49,50,51 and urinary 375 
obstruction50 associated with urolithiasis or urethral compression by a hematoma52 in male 376 
cattle. A persistent urachus may rupture spontaneously for reasons that remain unclear. This 377 
has been described in calves53,54 and in young55 and mature cattle.46,47,56 The main clinical 378 
sign is pear-shaped enlargement of the abdomen. 379 
Ultrasonography shows massive fluid accumulation involving the entire abdomen, and 380 
dorsally displaced abdominal organs that are suspended in the fluid. The site of bladder 381 
rupture can sometimes be detected during transrectal sonographic examination. The ruptured 382 
bladder may be collapsed and flaccid and contain little or no urine or contain moderate 383 
amounts of urine when the defect is sealed by fibrin.57 When a persistent urachus exerts 384 
traction on the bladder, the urine-filled transition from the bladder to the urachus can be seen 385 
sonographically (Fig. 30). Sometimes the bladder is surrounded by urine. A completely empty 386 
bladder may not be seen. 387 
The diagnosis is confirmed by abdominocentesis and analysis of the aspirated fluid. The 388 
fluid is light yellow or colorless and occasionally smells of urine. Comparison of urea and 389 
creatinine concentrations of the aspirated fluid and blood reliably differentiates urine and a 390 
transudate. With uroperitoneum, both variables are much higher in the aspirated fluid than in 391 
blood; a peritoneal fluid-to-serum creatinine concentration ratio of 2 or greater is diagnostic of 392 
uroperitoneum.23 393 
A flexible endoscope is used to differentiate bladder rupture and urachal rupture.47 With 394 
urachal rupture, the bladder is stretched longitudinally and the endoscope can be introduced 395 
into the urine-filled urachus.47 396 
 397 
Hemoperitoneum 398 
Hemoperitoneum is the presence of blood in the peritoneal cavity. It is accompanied clinically 399 
by pronounced anemia and decreased hematocrit. It is rare in cattle and always results from 400 
hemorrhage from a ruptured blood vessel or spleen or is related to a clotting disorder.2 The 401 
ultrasonographic appearance of the fluid varies from hypoechoic to hyperechoic depending on 402 
the degree of clotting. A symptomatic diagnosis is made when abdominocentesis produces a 403 
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hemorrhagic aspirate but the measurement of clotting factors or a laparotomy may be required 404 
for an etiological diagnosis. There have been two reports of hemoperitoneum in cattle as a 405 
result of a ruptured metastatic granulosa cell tumor59,59 and another because of rupture of the 406 
gall bladder.60 All animals had marked anemia and the abdominal fluid was anechoic. One of 407 
the cows with metastatic granulosa cell tumor had multiple metastatic tumors in the 408 
abdominal cavity that appeared ultrasonographically as multichambered sponge-like 409 
structures of varying size (Fig. 31). Hemorrhage was caused by rupture of the cystic tumor 410 
capsule. Two other (unpublished) cases referred to our clinic concerned two cows with 411 
hemoperitoneum following transrectal manual rupture of an ovarian cyst and enucleation of a 412 
corpus luteum. In both cases the peritoneal fluid was hypoechoic. 413 
 414 
Chylous ascites 415 
Chylous ascites is the accumulation of chyle in the peritoneal cavity and arises from a 416 
blockage of the thoracic duct. Neoplasia, inflammatory processes, tuberculosis, or trauma are 417 
causes of chylous ascites in people but some cases are idiopathic.61 This condition may also 418 
result from iatrogenic injury to lymph vessels during surgery.62 The fluid appears 419 
hyperechoic, and aspiration of viscous, milky, opaque fluid rich in triglycerides is diagnostic. 420 
Chylothorax and chyloperitoneum in a calf diagnosed using mesenteric lymphangiography is 421 
the only published case in cattle.63 Another case of chylothorax occurred in a two-day-old calf 422 
as a result of thoracic vertebral fracture during birth.64 423 
 424 
Biliary ascites (bile peritonitis) 425 
Biliary ascites (bile peritonitis) is the term used to describe peritonitis caused by bile in the 426 
peritoneal cavity. Possible causes are perforation of the gall bladder by trauma or because of 427 
cholecystitis or iatrogenic rupture during procedures such as aspiration of bile from the gall 428 
bladder. Only three cases of bile peritonitis have been reported in cattle and all were the result 429 
of bile duct obstruction by concrement related to Fasciola hepatica infestation.60 Typical 430 
clinical signs of cholestasis including icterus and bilirubinuria were seen in only one cow. 431 
Another cow had severe anemia because gall bladder rupture was accompanied by 432 
hemoperitoneum. Increased activity of the bile duct enzyme -glutamyl transferase and 433 
increased concentration of bilirubin are the main serum biochemical findings. 434 
Ultrasonographic examination of cows with gall bladder rupture shows biliary ascites, fibrin 435 
deposits on various organs, and strands of fibrin in the peritoneal cavity. In addition, there are 436 
fascioliasis-related changes in the liver, which primarily include calcified echoic bile ducts 437 
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with distal acoustic shadowing and cholestasis. The appearance of the aspirated fluid varied 438 
widely in the three cows seen at our clinic and was hemorrhagic, bilious, and greenish opaque 439 
and fibrinous, respectively. In one cow, the gall bladder contained sediment and had a 440 
thickened wall and irregular contour, which was related to the rupture. The bilirubin 441 
concentration is increased in bile-containing ascites fluid65 and should be measured when the 442 
assessment of the aspirated fluid is not straightforward. A bilirubin concentration greater than 443 
8.5 umol/L indicates rupture of the gall bladder.66 444 
 445 
Differential diagnosis of intraabdominal fluid accumulation 446 
The differential diagnosis of intraabdominal fluid accumulation includes normal pregnancy 447 
and hydrops allantois. However, the diagnosis of pregnancy and hydrops usually is 448 
straightforward based on the results of transrectal examination. On sonograms, the uterine 449 
wall is seen as a thick echoic line and the caruncles appear as fist-sized structures attached to 450 
the uterine wall. Furthermore, fetal parts are seen in pregnant cows and a heartbeat is often 451 
detected in live fetuses. 452 
 453 
Summary 454 
Ultrasonography enables the examiner to detect very small amounts of fluid in the peritoneal 455 
cavity and to determine its location, amount, and sonographic features. The pathologic 456 
process responsible for the ascites, for example ileus, hepatic fibrosis, thrombosis of the 457 
caudal vena cava, or traumatic reticuloperitonitis,  often can be identified. Abdominocentesis 458 
and analysis of the aspirated fluid allow differentiation of inflammatory and non-459 
inflammatory ascites as well as the diagnosis of uroperitoneum, hemoperitoneum, chylous 460 
ascites, and bile peritonitis. 461 
 462 
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Legend to Figures 620 
Figure 1: Pear-shaped abdomen in a cow with ascites due to uroperitoneum. 621 
 622 
Figure 2: Barrel-shaped abdomen in a cow with ascites due to uroperitoneum. 623 
 624 
Figure 3: Ultrasonogram of ascites in a cow with compression of the caudal vena cava by a 625 
liver abscess, imaged from the right flank. Loops of small intestine are displaced dorsally by 626 
anechoic ascites fluid. 1 Lateral abdominal wall, 2 Extraomental ascites fluid, 3 Greater 627 
omentum, 4 Intraomental ascites fluid, 5 Small intestine, Ds Dorsal, Vt Ventral. 628 
 629 
Figure 4: Ultrasonogram of ascites in a 1.5-year-old Brown Swiss heifer with thrombosis of 630 
the caudal vena, imaged from the right flank. Loops of small intestine are displaced dorsally 631 
by hypoechoic ascites fluid. 1 Lateral abdominal wall, 2 Extraomental ascites fluid, 3 Large 632 
omentum, 4 Intraomental ascites fluid, 5 Small intestine, Ds Dorsal, Vt Ventral. See also 633 
Figure 13. 634 
 635 
Figure 5: Ultrasonogram of the liver and gallbladder of a cow with ascites, imaged from the 636 
10th intercostal space on the right side. The liver and gall bladder are displaced medially by 637 
anechoic ascites fluid. 1 Lateral abdominal wall, 2 Ascites, 3 Liver, 4 Gallbladder, Ds Dorsal, 638 
Vt Ventral. 639 
 640 
Figure 6: Ultrasonogram of ascites in a cow, imaged from the 10 intercostal space on the left 641 
side. The rumen is displaced dorsomedially by anechoic ascites fluid. 1 Lateral abdominal 642 
wall, 2 Ascites fluid, 3 Rumen, Ds Dorsal, Vt Ventral. 643 
 644 
Figure 7: Ultrasonogram of the reticular region of a cow with ascites, imaged from the sternal 645 
part of the ventral abdomen. The reticulum is displaced dorsally by hypoechoic ascites fluid. 1 646 
Ventral abdominal wall, 2 Musculophrenic vein, 3 Diaphragm, 4 Ascites fluid, 5 Reticulum, 647 
Cr Cranial, Cd Caudal. 648 
 649 
Figure 8: Ultrasonogram of the abdomen of a cow with ileus because of intussusception, 650 
imaged from the 12th intercostal space on the right side. There is accumulation of anechoic 651 
fluid (transudate) and dilated loops of small intestine. 1 Abdominal wall, 2 Dilated loops of 652 
small intestine, 3 Anechoic fluid between the loops of small intestine, Ds Dorsal, Vt Ventral. 653 
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 654 
Figure 9: Ultrasonogram of the abdomen of a cow with hemorrhagic bowel syndrome, imaged 655 
from the right flank. Anechoic fluid (transudate) and dilated loops of small intestine. Small 656 
intestine contain echoic material surrounded by an anechoic rim consistent with a blood clot. 657 
1 Abdominal wall, 2 Anechoic fluid between loops of small intestine, 3 Small intestine with a 658 
blood clot, Ds Dorsal, Vt Ventral. 659 
 660 
Figure 10: Ultrasonogram of the abdomen of a cow with dilation and retroflexion of the 661 
cecum, imaged from the right flank. The cecum and colon are separated by anechoic fluid 662 
(transudate). 1 Lateral abdominal wall, 2 Fluid accumulation, 3 Cecum, 4 Colon, Ds Dorsal, 663 
Vt Ventral. 664 
 665 
Figure 11: Ultrasonogram (A) and postmortem view (B) of the spleen of a cow with 666 
mesothelioma, imaged from the 10th intercostal space on the left side. The spleen is covered 667 
with yellow tumorous nodules identified histologically as mesothelioma. 1 Lateral abdominal 668 
wall, 2 Ascites. 3 Spleen, 4 Tumorous alterations of the spleen (mesothelioma), 5 Rumen, Ds 669 
Dorsal, Vt Ventral. 670 
 671 
Figure 12: Ultrasonogram of ascites in a cow with mesothelioma showing nodular changes of 672 
the greater omentum, imaged from the right flank. 1 Lateral abdominal wall, 2 Ascites, 3 673 
Greater omentum, 4 Tumorous nodules (mesothelioma), Ds Dorsal, Vt Ventral. 674 
 675 
Figure 13: Pear-shaped abdomen in a Brown-Swiss-heifer with ascites as a sequel of 676 
thrombosis of the caudal vena cava. See also Figure 4. 677 
 678 
Figure 14: Ultrasonogram of the liver in a cow with thrombosis of the caudal vena cava, 679 
imaged from the 11th intercostal space on the right side. The caudal vena cava, which 680 
normally is triangular in cross-section, has become oval in cross-section because of 681 
congestion and dilation. 1 Lateral abdominal wall, 2 Liver, 3 Dilated caudal vena cava with 682 
oval cross-section and a large diameter of 6.24 cm, Ds Dorsal, Vt Ventral. 683 
 684 
Figure 15: Ultrasonogram of the liver in a cow with traumatic pericarditis, imaged from the 685 
11th intercostal space on the right side. The caudal vena cava and right hepatic vein are 686 
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dilated. 1 Lateral abdominal wall, 2 Liver, 3 Dilated caudal vena cava with oval cross-section, 687 
4 Dilated right hepatic vein, 5 Portal vein, Ds Dorsal, Vt Ventral. 688 
 689 
Figure 16: Ultrasonogram of the liver in a Brown-Swiss heifer with ascites caused by 690 
thrombosis of the caudal vena cava, imaged from the 10th intercostal space on the right side. 691 
The liver has an obtuse marginal angle and the wall of the gallbladder is edematous. 1 692 
Abdominal wall, 2 Ascites fluid, 3 Liver, 4 Gallbladder, Ds Dorsal, Vt Ventral, see also 693 
Figures 4 and 13. 694 
 695 
Figure 17: Ultrasonogram of the liver of a cow with caudal vena cava thrombosis, imaged 696 
from the 11th intercostal space on the right side. The caudal vena cava is occupied by an 697 
echoic thrombus. 1 Abdominal wall, 2 Liver, 3 Echoic thrombus in the caudal vena cava, 4 698 
Portal vein, Ds Dorsal, Vt Ventral. 699 
 700 
Figure 18: Ultrasonogram of the reticulum in a cow with traumatic reticuloperitonitis, imaged 701 
from the sternal part of the abdomen. There are massive fibrin deposits caudal to the 702 
reticulum. 1 Abdominal wall, 2 Reticulum, 3 Echoic fibrin deposits, Cr Cranial, Cd Caudal. 703 
 704 
Figure 19: Ultrasonogram of the reticular region in a cow with traumatic reticuloperitonitis, 705 
imaged from the sternal part of the abdomen. There are massive fibrin deposits and some fluid 706 
pockets between the reticulum and the rumen. 1 Abdominal wall, 2 Musculophrenic vein, 3 707 
Diaphragm, 4 Reticulum, 5 Echoic deposits with fluid pockets, 6 Anterior dorsal blind sac of 708 
the rumen, Cr Cranial, Cd Caudal. 709 
 710 
Figure 20: Ultrasonogram of the reticular region of a cow, imaged from the sternal part of the 711 
abdomen. An effusion and fibrin deposits are evident caudal to the reticulum. 1 Abdominal 712 
wall, 2 Musculophrenic vein, 3 Diaphragm, 4 Reticulum, 5 Effusion, 6 Fibrin deposits. 713 
 714 
Figure 21: Ultrasonogram of ascites in a cow with type 4 abomasal ulcer, imaged from the 715 
ventral part of the right abdomen. The ascites fluid is anechoic. 1 Ventral abdominal wall, 2 716 
Ascites fluid, 3 Rumen, Cr Cranial, Cd Caudal. 717 
 718 
 24 
Figure 22: Ultrasonogram of ascites in a cow with generalized peritonitis, imaged from the 719 
ventral abdominal wall. The ascites fluid is hypoechoic. 1 Ventral abdominal wall, 2 720 
Hypoechoic ascites fluid, 3 Fibrin strand, Cr Cranial, Cd Caudal. 721 
 722 
Figure 23: Ultrasonogram of ascites in a cow with generalized peritonitis, imaged from the 723 
ventral abdominal wall. The ascites fluid is echoic. 1 Ventral abdominal wall, 2 Echoic ascites 724 
fluid, 3 Fibrin deposits, Cr Cranial, Cd Caudal. 725 
 726 
Figure 24: Ultrasonogram of ascites in a cow with generalized peritonitis caused by type 4 727 
abomasal ulcer, imaged from the ventral abdominal wall. The hypoechoic ascites fluid is 728 
separated by strands of fibrin. 1 Ventral abdominal wall, 2 Sediment on the floor of the 729 
abdomen, 3 Fluid accumulation, 4 Strands of fibrin, Cr Cranial, Cd Caudal. 730 
 731 
Figure 25: Ultrasonogram of the abdomen of a cow with generalized peritonitis caused by a 732 
perforating foreign body in the abomasum, imaged from the ventral abdominal wall. The 733 
peritoneal fluid is separated into chambers by strands of fibrin, giving it a sponge-like 734 
appearance. 1 Ventral abdominal wall, 2 Multichambered fibrin network. Cr Cranial, Cd 735 
Caudal. 736 
 737 
Figure 26:Ultrasonogram of the abdomen of a cow with generalized peritonitis caused by 738 
perforation of the uterus, imaged from the ventral abdominal wall. The peritoneal fluid is 739 
separated into chambers by strands of fibrin, giving it a sponge-like appearance . 1 Ventral 740 
abdominal wall, 2 Multichambered fibrin network, 3 Greater omentum. Cr Cranial, Cd 741 
Caudal. 742 
 743 
Figure 27: Ultrasonogram of the abdomen of a cow with generalized peritonitis caused by a 744 
perforating reticular foreign body, imaged from the ventral abdominal wall. The ventral sac of 745 
the rumen is covered by a thick fibrin layer. 1 Ventral abdominal wall, 2 Anechoic fluid, 3 746 
Fibrin deposits on the ventral aspect of the ruminal wall, 4 Rumen, Cr Cranial, Cd Caudal. 747 
 748 
Figure 28: Ultrasonogram of the abdomen of a cow with omental bursitis caused by type 4 749 
abomasal ulcer, imaged from the 10th intercostal space on the left side. The fluid in the 750 
omental bursa is characterized by echoic stippling indicative of microbial gas production. 1 751 
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Lateral abdominal wall, 2 Fluid in the omental bursa with echoic stippling, 3 Ruminal wall, 752 
Ds Dorsal, Vt Ventral. 753 
 754 
Figure 29: Ultrasonogram of the abdomen of a cow with omental bursitis caused by type 4 755 
abomasal ulcer, imaged from the ventral abdominal wall. There is echoic stippling of the fluid 756 
in the omental bursa indicative of microbial gas production. 1 Ventral abdominal wall, 2 757 
Greater omentum, 3 Fluid in the omental bursa with echoic stippling, 4 Gas inclusions, Cr 758 
Cranial, Cd Caudal. 759 
 760 
Figure 30: Ultrasonogram of the bladder obtained transrectally in a cow with rupture of a 761 
persistent urachus. The persistent urachus is visible at the cranial pole of the bladder. 1 762 
Rectum, 2 Anechoic fluid (uroperitoneum) surrounding the bladder. 3 Bladder, 4 Persistent 763 
urachus, Cr Cranial, Cd Caudal. 764 
 765 
Figure 31: Ultrasonogram of the abdomen of a cow with hemoabdomen caused by rupture of 766 
the capsule of a granulosa cell tumor, imaged from the right flank. Metastatic tumors are seen 767 
on the surface of internal organs. 1 Abdominal wall, 2 Anechoic fluid, 3 Metastatic tumors, 768 
Cr Cranial, Cd Caudal. 769 
 770 
Figure 32: Ultrasonogram of the abdomen of a cow with hemoabdomen caused by rupture of 771 
the capsule of a granulosa cell tumor, imaged from the right abdominal wall. Metastatic 772 
tumors are seen on the surface of internal organs. 1 Ventral abdominal wall, 2 Anechoic fluid, 773 
3 Metastatic tumors, Cr Cranial, Cd Caudal. 774 
 775 
Table 1 
Goals of abdominocentesis 
1. Assessment of amount, color, odor, and consistency of a sample (e.g. serous, bloody, 
purulent, urine-like, bile-like) 
2. Determination of specific gravity and concentration of total protein (total solids) using a 
refractometer 
3. California mastitis test for semiquantitative determination of cellular content of fluid 
4. Cytological, bacteriological and possibly biochemical evaluation of fluid 
5. Comparison of urea and creatinine concentrations of peritoneal fluid and serum 
Table 2 
Types and characteristics of intraabdominal peritoneal fluid accumulation 
Type of intraabdominal fluid Characteristics 
Inflammatory ascites 
Non-inflammatory ascites 
Exudate 
Transudate or modified transudate 
Chylous ascites Milky fluid 
Uroperitoneum Urine-like fluid 
Haemoperitoneum Bloody fluid 
Biliary ascites Bilious fluid 
Table 3 
Non-inflammatory ascites in cattle: causes and ultrasonographic, clinical and laboratory 
findings 
Affected 
organ 
Disease Main clinical and 
laboratory findings 
Ultrasonographic 
findings 
Heart Right-sided cardiac 
insufficiency 
1) Abnormal auscultatory 
findings, such as 
tachycardia, murmur, 
arrhythmiadysrrhythmia 
2) Distension of jugular 
veins 
3) Oedema 
4) Elevated activities of 
liver enzymes 
1) Abnormal 
echocardiographic 
findings 
2) Pleural effusion 
3) Dilatation of caudal 
vena cava 
Mediastinum Mediastinal mass, 
such as a tumour or 
abscess 
1) Radiodensity on thoracic 
radiograph 
2) Elevated activities of 
liver enzymes 
Dilatation of caudal 
vena cava 
Liver Liver cirrhosis 
Fascioliasis 
Liver abscess 
Liver tumour 
1) Elevated activities of 
liver enzymes 
2) Liver fluke eggs in 
faeces or bile 
(fascioliasis) 
3) Shorter-than-normal 
glutaraldehyde clotting 
test (liver abscess) 
1) Dilatation of portal 
vein (liver 
cirrhosis) 
2) Calcification of bile 
ducts (fascioliasis) 
3) Discrete changes in 
liver parenchyma 
(abscess, tumour) 
Kidneys Nephrotic 
syndrome 
Amyloidnephrosis 
1) Oedema 
2) Enlarged left kidney on 
rectal examination 
3) Diarrhea 
4) Massive proteinuria 
5) Elevated level of serum 
urea  
Enlargement of 
kidneys; renal 
parenchyma diffusely 
echogenic in 
amyloidnephrosis 
Intestine Volvulus 
Enteropathy 
1) Signs of ileus (volvulus) 
2) Weight loss, diarrhea 
(enteropathy) 
Jejunum dilated and 
static 
Peritoneum Tumours, such as 
mesothelioma 
No specific findings 1) Neoplastic changes 
of peritoneum, 
omentum and 
serosal surfaces 
2) Metastatic tumors 
in other organs (not 
in mesothelioma) 
Blood vessels Thrombosis of 
caudal vena cava 
1) Metastatic suppurative 
bronchopneumonia 
2) Epistaxis 
3) Elevated activities of 
liver enzymes 
1) Dilatation of caudal 
vena cava 
2) Thrombus in caudal 
vena cava 
(sometimes) 
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Table 4 
Causes of peritonitis in cattle 
Organ Cause Nature of disease 
Reticulum Foreign body Localized or generalized peritonitis 
Abomasum Type-3 abomasal ulcer 
Type-4 abomasal ulcer 
Localized peritonitis 
Generalized peritonitis 
Small/large 
intestine 
Ileus 
Intestinal ulcer 
Intestinal tumor 
Migrating Fasciola hepatica 
larvae 
Generalized peritonitis 
Generalized peritonitis 
Generalized peritonitis 
Fibrinous peritonitis 
Rectum Injury during rectal palpation Localized or generalized peritonitis 
Uterus Injury during parturition Localized or generalized peritonitis 
 Injury during intrauterine 
infusion 
Localized or generalized peritonitis 
Vagina Sadism Localized or generalized peritonitis 
Urinary 
bladder 
Injury during catheterization 
(females) 
Rupture caused by obstructive 
urolithiasis (males) 
Localized or generalized peritonitis, 
and uroperitoneum after rupture of 
urinary bladder 
Abdominal 
wall 
Trocarization of rumen 
Laparotomy 
Perforating injury (e.g. injury 
caused by horns) 
Localized or generalized peritonitis, 
involving ingesta after trocarization 
of rumen 
All abdominal 
organs 
Rupture of abscess Localized or generalized peritonitis 
Systemic 
infection 
Pasteurellosis, tuberculosis, 
Anthrax 
Generalized peritonitis 
 
